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ABSTRACT 
 
Deposition of Polycrystalline Diamond (PCD) 
has been done simultaneously on two substrates 
namely silicon nitride (Si3N4) and tungsten 
carbide (WC), two materials commonly used as 
cutting tools, in a hot filament chemical vapour 
deposition (HFCVD) reactor. This research 
describes a comparison of XRD analysis of  
PCD deposited, as the substrate surface were 
pretreatment were manipulated in order to have 
better adhesion while influencing the diamond 
coating properties. Two surface pretreatments 
were carried out on Si3N4 substrate i.e. chemical 
treatment and mechanical treatment whereas for 
WC substrate, only chemical treatment gave 
promising results. After that, both pretreated 
substrates undergo seeding process to enhance 
diamond nucleation. The seeding process was 
varied with different concentration of silicon 
carbide (SiC) for WC substrate. The analysis of 
XRD results consist of qualitative analysis, and 
semi-quantitative analysis, including preferred 
orientation by manipulation of the growth 
parameter, α, and using Bragg-Brentano 
method. The results show that comparison of the 
PCD grown on two substrates, Si3N4 and WC, 
shows Si3N4 preferes (111) planes more than 
diamonds grown on WC. WhileWC preferes 
(110) planes more than diamonds grown on 
Si3N4. 
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1.0 INTRODUCTION 
 
Tungsten carbide (WC) and Silicon nitride 
(Si3N4) tools are commonly used in high end 
machining. However diamond coating the tools 
are proving to be more effective in cutting 
difficult non-ferrous materials in the machining 
world. This is due to the extreme properties of 
diamond. In this paper, a layer of diamonds 
deposited on WC and Si3N4 using methane as a 
precursor rather then making a whole tool of 
diamond. This is relatively economical method 
is called hot filament chemical vapour 
deposition (HFCVD) method. 
 
To achieve optimum conditions, WC and Si3N4  
substrates are deposited with diamond with 
separate parameters as each material has 
different influence to the diamond deposition 
process. The preparation methods [1, 2], too 
play an important role in prior to diamond 
deposition too. While parameters involve 
during diamond deposition parameters are 
pressure, temperature, gas composition and 
flow rate etc have all been extensively studied 
but many other researchers [3, 4, 5, 6].  
 
As the HFCVD technology grows, increasing 
of chamber size and deposition environments 
has allowed more substrates to be diamond 
deposited at the same. Thus the objective of 
this research is to invstigate the effects of 
simultaneously diamond deposition on two 
substrates, silicon nitride (Si3N4) and tungsten 
carbide (WC) respectively, with their 
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pretreatment manipulated and analyses the 
properties of the PCD deposited. 
 
There are other studies done for multi-substrate 
deposition. Deposition on Cu, Si, WC, and Mo 
simultaneously was carried out by Gordana S. et 
al. [7]. While another research discussed on 
mechanism and prediction of failure of PCD on 
Si3N4 and WC [8].  
 
This study focuses on the XRD analysis of 
Polycrystalline diamond (PCD) deposited on 
two different substrates i.e. Si3N4 and WC 
only. The analysis of XRD results consist of 
qualitative analysis, and semi-quantitative 
analysis, including preferred orientation, 
crystallite size and strain. Other analyses 
including FESEM, Raman Spectroscopy, AFM 
and surface roughness were reported in [9] 
 
 
2.0 MATERIALS AND METHODS 
 
2.1 Materials 
 
The Si3N4 substrates are cut into 7mm x 7mm x 
4mm sizes while the WC 6% Cobalt are received in 
12.5mm diameter rods and are sliced into 4mm thick 
substrates. 
 
2.2 Sample Preparation 
 
As noted, sample preparation is an important step 
that influences the nucleation and growth of 
diamond. First, steaming is done to ensure surface 
cleanness at all times.  
 
Surface preparation of WC substrate is done in 2 
steps i.e. chemical treatment and followed by a 
seeding process. The chemical treatment involves 
etching with Murakami’s solution: 10g KOH + 10g 
K3[Fe(CN)6] + 100 ml H2O in ultrasonic bath for 20 
minutes followed by second etching process is done 
by using acid solution of HNO3 + H2O2 in ratio of 
1:9 under ultrasonic vibration also. This etching 
process is ended with steaming to remove any 
chemicals left.  
The seeding treatment involves solution as in Table 
1 where the fixed solution is mixed with Silicon 
Carbide (SiC) mixture and substrate is seed in an 
ultrasonic bath for 5 minutes. 3 different SiC 
concentrations were experimented. 
 
Sample 
code 
Fixed solution Silicon 
Carbide 
concentration 
10% Tikapour + 
90% distilled water 
+ 0.8g/liter of 
diamond powder 
(Capacity of the 
basin =10.7 liter) 
WC1 1g/liter 
WC2 5g/liter 
WC3 10g/liter 
Surface pretreatment of silicon nitride substrates are 
carry out in 2 ways i.e. by chemical and mechanical 
methods followed by Seeding as shown in Table 2.  
 
Table 2: Chemical and Mechanical surface 
pretreatment of Silicon Nitride substrate 
Sample 
Code 
Surface 
Pretreatment Seeding Procedures 
SN1 
Chemical 
etching(30min) 
60% HNO3 + 
47% HF  (50ml) 
10% Tikapour + 
90% distilled water 
+ 0.8g/liter of 
diamond powder + 
0.5g/liter SiC 
(Capacity of the 
basin Is 10.7 liter) 
(5min) 
SN2 
Mechanical 
blasting with 
SiC particles 
The seeding treatment however is not varied for both 
mechanical and chemical treatments. The seeding 
solution is as stated in Table 2 
 
2.3 Diamond Deposition Parameters 
 
After the substrate is pretreated, the substrates 
undergo diamond deposition for 22 hours with 
parameters stated in Table 3.  
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Table 3: Deposition Parameters 
Chamber Pressure:          10-100  torr 
Filament Temperature:    2000 ±50°C 
Substrate Temperature:   800 – 1000 °C 
Gas Flow Rate:               200 sccm 
Gas composition:            1-3% CH4 in H2 
 
2.4 XRD Analysis 
 
X-ray diffraction, XRD, are recorded using 
monochromatised Cu Kα radiation is =1.5184Å. 
While other kinds of analyses (field emission scanning 
electron microscopy, Raman spectrometry, atomic 
force microscopy) were published by T.M. Yong et 
al[9]. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Qualitative Analysis 
 
Figure 1 and 2 shows XRD analysis on the Si3N4 
substrates reveal the presences of diamond planes 
of (111) octahedral structure and (220) cubo-
octahedral structure planes detected in 
approximately 43.9° and 75.3°.  
 
X-ray Diffraction results of the diamond coated on 
WC in Figure 3 also reveal the present of diamond 
(111) and (220) planes detected in approximately 
43.9° and 75.3°. In addition (311) plane was also 
detected at 91.5˚. The change in the intensities of 
the WC diamond peaks show that the seeding of 
silicon carbide powder on the tungsten carbide 
substrate has greatly influent the intensity of the 
cubic structure (111) and the octahedral structure 
(220) by increasing the amount of the silicon 
carbide powder. 
 
The absence of graphite in all samples May be 
caused by two reasons. First initially formed 
graphitic phase undergoes complete amorphization 
and recrystallization to diamond and nanodiamond 
phase [10].  And second, it can be assumed that 
XRD is not sensitive to small amount of nano-
crystalline or amorphous, low atomic weight 
elements like carbon, thus its presences may be 
overlooked [11]. The presence of Cobalt during 
pretreatment too cannot be confirmed to be 
absence totally, considering microabsorption effect 
due to usage of Cu Kα X-ray beam in this XRD 
analysis. 
 
Figure 1: X-ray Diffraction of polycrystalline 
diamond coated on Silicon Nitride by mechanical 
pretreatment and seeding 
 
Figure 2: X-ray Diffraction graph of 
polycrystalline diamond coated on Silicon Nitride 
by chemical pretreatment and seeding. 
 
3.2 Determination of Preferred Orientation 
 
The qualitative analysis is based on relative 
measured area under the diamond peaks of the 
(111) peaks and (220) peaks.  
 
(111)
 
(220)
 
(111)
 
(220)
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Figure 3: X-ray Diffraction graph of 
polycrystalline diamond coated on Tungsten 
Carbide (WC) seeded with (a) 1g/liter and (b) 
5g/liter (c) 10g/liter of Silicon Carbide powder  
 
3.2.1 Prediction of Preferred Direction of 
Growth and Preferred Planes of Diamond 
Grains based on Growth Parameter, α 
 
 
Table 4: Calculation of the growth 
parameter from X-ray Diffraction results of 
polycrystalline diamond coated silicon 
nitride and tungsten carbide 
Sample 
Code 
Diamond(111) Diamond(220) 
2-
Theta 
scale 
(˚) 
Measured 
area 
under the 
peak 
2-
Theta 
scale 
(˚) 
Measured 
area 
under the 
peak 
SNm 44.09 369 75.75 346 
SNc 44.09 272 75.71 235 
WC1 44.12 288 75.54 398 
WC2 44.05 292 75.46 400 
WC3 44.14 371 75.52 366 
 
 
The shape of the diamond grains and its 
preferred planes are highly determined by 
direction of growth rates. Planes with the 
fastest growth rate tend to be eliminated. The 
rapid growth in the [110] direction grows out 
the (110) plane. Hence, high XRD reading of 
the (220) plane, shows low growth rates of the 
[110] direction. The final diamond grain shape 
and preferred planes depends on the slower 
[111] or [100] growth rates [12].  
 
The growth parameter, α, of the diamond can be 
calculated by determine the ratio of the growth 
rates of [100] and [111] directions. The growth 
parameter is given α = (V100/V111)x√3, where 
V100 = rate or [100] growth direction and V111 = 
rate or [111] growth direction.  
 
The crystal shape of the diamond changes from 
cube to cubo-octahedron and then to octahedron 
when the α value increase from 1 to 3.  
The (111) planes grow the fastest in the octahedral 
diamond structure, having α = 3, with [100] 
direction growing √3 times faster than [111] 
growth direction. The (110) planes grows fastest in 
(111)
 
(220)
 
(311)
 
(111)
 
(220)
 
(311)
 
(111)
 
(220)
 
(311)
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the cubo-octahedral diamond structure, with 
growth parameter, α = 1.5, with [100] direction 
growing (√3)/2 times faster than [111] growth 
direction. Since both planes are grown 
simultaneously on the HFCVD reactor, relative 
intensities of the planes can be used as an indicator. 
 
The areas under the peaks are measured from XRD 
diffractograms as given in Table 4. They are then 
used to calculate ‘average’ growth parameter. The 
purpose of the manipulated and now termed 
‘average’ growth parameter here, gives an 
indication of the tendency of the growth direction 
or the preferred planes of the diamond film in 
account of the (100) planes and (111) planes only. 
Whereas the actual growth parameter does not take 
into account the (110) planes. It is not a 
representative of the diamond crystal shape as the 
growth parameter, α, is. But it will give us a image 
of the overall preferred growth direction and 
preferred planed of all crystals. Thus the ‘average’ 
growth parameter of the diamond films are shown 
in Table 5. 
 
Table 5: Shows the relative quantities of V 
(100) rate and V (111) rate and the 
manipulated ‘average’ growth parameter. 
Sample 
Code 
V(100) V(111) 
‘Average’ 
growth 
parameter 
SNm 938.7715 715 2.274126 
SNc 674.6338 507 2.304734 
WC1 843.5087 686 2.129738 
WC2 852.169 692 2.132948 
WC3 959.5561 737 2.255088 
 
The ‘average’ growth parameter calculated 
predicts that overall the diamond crystals will be 
highly faceted octahedron diamond grains with 
mainly (111) plane as predicted by the ‘average 
growth parameter’ manipulated here for all films. 
This is coherent with FESEM results given 
precious publications [9]. 
 
3.2.2 Determination of Preferred 
Orientation Using Bragg-Brentano Method 
 
The preferred orientation can be determined semi-
qualitatively by comparing the relative intensities 
of the diffractograms of the coatings with a random 
powder sample. A powder diamond diffractogram 
will give (111) : (220) planes integrated peaks at 
100% : 25%.  But significantly, our diffractograms 
read ratios up to 100% : 135% for (111) : (220) 
planes peaks. This can be seen clearly in Figures 1 
to 3. To reason why powder diamond sample has a 
high (111) plane quantity is that the milling 
process of diamonds, being a very hard material, 
breaks down in smaller pieces at its (111) cleavage 
direction. Unlike grown thin film diamond, its 
orientation is determined by its nucleation 
orientation which is influenced by the substrate 
material and the deposition parameters. 
 
Using the Brag-Brentano method, more probable 
planes can be estimated. The Brag-Brentano is 
given in equation 1. 
        (1) 
 
Where P is the probability of a preferred texture, α, 
β and γ are angles in an inverse pole figure. I(hkl) 
is the area under the peak from the plane (hkl) of 
the diamond film and I’(hkl) is the area under the 
peak from the plane (hkl) of a randomly oriented 
sample. 
 
Using relative areas under diamond peaks as input 
extracted from the diffractogram, probability of 
each plane were calculated and are shown in Table 
6. Due to the limitivity of the data, a inverse pole 
figure will not be plotted but nevertheless 
information gathered here give some information 
about the preferred orientation.  
 
The high probability of (220) plane are verified 
with SEM micrographs[9], where pyramidal apexes 
account for the (111) planes for octahedral grains, 
the (220) planes arise also from the octahedral 
grains. Commonly [110] will have highest 
growth rates and tends to grown into a point or 
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edge [12]. But note that some grains viewed in the 
SEM micrographs [9] have sharp facets yet they are 
elongated. These can be pictured by a perfect 
octahedral sliced at its (220) plane and tilted so that 
the (220) plane lies flat as shown in Figure 4. Since 
SEM micrograph [9] depict the surface only, it can 
be hypothesized that the diamond nucleate in an 
octahedral structure, were growth direction [100] 
rates dominates over the [111] and [110] growth 
directions rates. Noting that the (111) plane have 
higher atomic density compared to the (110) and 
(100) planes, high intensities of (220) planes shows 
that, the less atomically dense planes, i.e. the (110) 
plane, were preferred. This due to parameters used 
in depositing diamond. This is accompanied by 
increase in [111] growth direction rate and 
reduction in [110] growth direction.  
 
Table 6: Relative preferred orientation of 
plane (111) and plane (220) 
Sample 
Code P(111) P(220) 
SNm 0.645 2.420 
SNc 0.671 2.318 
WC1 0.525 2.901 
WC2 0.527 2.890 
WC3 0.629 2.483 
 
 
 
 
Figure 4: (220) diamond plane in an octahedral 
diamond. 
 
 
4.0 CONCLUSIONS 
Summarizing from the XRD measurement, it can 
be concluded that different substrates have some 
influence on the crystalline properties of the 
diamond film. All polycrystalline diamond films 
have obvious diamond peaks from the XRD. The 
presence of graphite is not detected.  
The manipulated form of the growth parameter, α, 
dubbed the ‘average’ growth parameter, shows that 
most diamond films deposited have tendency to 
from faceted octahedral structure. 
The Bragg-Brentano method however calculates 
preferred orientation by comparing to a random 
sample. By doing this a significant difference is 
observed as the relative integrated intensities of a 
random sample is 100:25 while, deposited 
diamond films have relative intensities up to 
100:135. This shows the significance of the 
presence of the (110) planes. This verifies the SEM 
micrographs in previous paper [9] of the presence 
of elongated sharp facets. 
The results show that comparison of the PCD 
grown on two substrates, Si3N4 and WC, shows 
Si3N4 prefers (111) planes more than diamonds 
grown on WC. While WC prefers (110) planes 
more than diamonds grown on Si3N4. 
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